Introduction {#sec1-1}
============

Keratoconus (KC) is a progressive noninflammatory etatic disease of the cornea. It, usually, begins in puberty and its advance is predictably arrested in the 3^rd^ or 4^th^ decades of life.\[[@ref1]\] KC is regarded as the most common corneal ectasia\[[@ref2]\] with its estimated incidence in different society ranges from 5 to 20 in 10,000 persons and a prevalence of 54 in 100,000 is reported according to different studies.\[[@ref3][@ref4]\] KC is considered to have a genetic basis. Many genes including visual system homeobox 1 (VSX1) gene, superoxide dismutase 1 (SOD1) gene and lysyl oxidase (LOX), and genetic mutations are associated with KC in several studies. Linkage studies in familial KC, genome-wide association studies and twin studies also found that there is a genetic predisposition to KC.\[[@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] These findings envisage gene therapy as a possible treatment option for KC.

Method of Literature Review {#sec1-2}
===========================

We searched the National Library of Medicine\'s PubMed database and Elsevier Scopus database with a subsequent review of the accompanying references. The major search words and word combinations included: Genetic of KC; gene therapy of KC, genetic treatment of KC, the perspective of KC, molecular studies of KC, management and treatment options of KC, diagnosis of KC.

In addition, the citations from the above searches were also included. Cases from the non-English literature were not included. All identified documents were examined, and those that were relevant were retrieved for inclusion in the review.

Pathogenesis {#sec1-3}
============

The exact pathophysiology of KC till now is not well established. Interaction between environmental and genetic factors seem to play a role. In susceptible patients environmental factors such as trauma, ultraviolet or atopy trigger an inflammatory cascade leading to degeneration of the corneal stroma.\[[@ref11]\]

Imbalances between pro-inflammatory agents and anti-inflammatory agents have been found. On the corneal keratinocytes of KC patient, Interleukin 1 receptors are presented four times more than normal keratinocytes. This cytokine induces keratinocytes apoptosis and regulates keratinocyte proliferation and differentiation.\[[@ref12][@ref13]\] Intercellular adhesion molecule-1, Vascular cell adhesion molecule-1 and interleukin 6 are even expressed as much as 40 times, whereas expressions of anti-inflammatory agents like interleukin 10 are markedly reduced.\[[@ref14]\]

It is suggested that interleukin 1 has a role in modulating the expression of metalloproteinase.\[[@ref13]\] Disparities between proteinase and proteinase inhibitor activity have also been postulated\[[@ref15]\] and can lead to the corneal stromal degradation; as the core pathological finding in KC. It has been found that in the keratoconic eyes proteinase inhibitors levels such as α2-macroglobulin and α1-antiprotease are significantly less than normal eyes\[[@ref16]\] and a higher activity of lysosomal and catabolic enzymes like proteinase has been reported.\[[@ref17]\]

Collagen alignment and components are also of significant importance.\[[@ref18]\] Researchers found differences in certain collagen types between normal and keratoconic eyes and retard in the wound healing process could be attributed to these differences.\[[@ref19]\]

Diagnosis {#sec1-4}
=========

Diagnosis of KC is based on slit-lamp clinical examination or corneal topography imaging. On slit-lamp examination conical protrusion of the cornea, Vogt\'s striae, Fleischer\'s ring, Munson\'s sign, Rizzuti\'s sign, corneal scars and scissoring reflex by retinoscopy might be visible \[[Table 1](#T1){ref-type="table"}\].
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Management {#sec1-5}
==========

In the very early phase, spectacles can be applied but contact lenses are the first choice of therapy for more than 90% of the patients. Soft contact lenses are used in the early phases, but with progressions of the disease rigid gas permeable lenses are more functional. Patients with severe KC or those who do not tolerate a contact lens, surgery are the next step. Penetrating keratoplasty, in which the full thickness of the cornea is removed enjoys from the most popularity. Deep anterior lamellar keratoplasty, photorefractive keratectomy, intrastromal corneal ring segment implantation and implantation of intraocular lens are other surgical maneuvers that are applied solely or in combination with other techniques.\[[@ref20][@ref21][@ref22]\]

Genetic Background {#sec1-6}
==================

Reports of identical twins that progressed KC in the literature brought up the possibility of the genetic basis for this disease. This hypothesis got stronger by the positive family history in almost 10% of these patients.\[[@ref23]\] The rate has got a significant rise by the introduction of corneal topography in this field and approximates \>50%. Moreover, clustering of KC in two or three generations in a family was another supportive finding.\[[@ref24][@ref25][@ref26][@ref27][@ref28]\]

The suggested mode of inheritance in most papers is autosomal dominant with variable expression.\[[@ref29][@ref30]\] In a study by Himmerstien in 1974 on 52 families, the degree of penetrance was postulated to be about 20%.\[[@ref26]\] Other researchers who reported a higher rate included subclinical or fruste types as well as high degrees of astigmatism as an incomplete expression of KC gene defining variable expression in this mode of inheritance.\[[@ref27]\] Nevertheless, other modes of inheritance are also proposed, and it does not seem that a fixed Mendelian model can express the genetic influence in all the cases.\[[@ref31]\]

Concordance of KC with certain systemic disorders like: Trisomy 21.\[[@ref32]\] or connective tissue diseases such as osteogenesis imperfecta,\[[@ref33]\] Ehlers-Danlos syndrome\[[@ref4][@ref31]\] and Leber congenital amaurosis\[[@ref34]\] are another clues for the genetic role.

Predominance of certain human leukocyte antigens in keratoconic patients has also been investigated by some researchers to clarify the hereditary background.\[[@ref35]\] These hard attempts to find a possible genetic basis for KC were aimed to find the guilty gene(s)and open a new prospect for the future treatment.

Keratoconus and Genetic Bases {#sec1-7}
=============================

Despite the familial form of the disease that mostly follows the autosomal dominant mode of inheritance; most cases of KC appear sporadically in a polygenic fashion.\[[@ref23]\] Complex genetic phenomena and interaction make the identification of the causative gene difficult. One of the strategies to allocate the contributing gene is linkage analysis. In this approach, multiple families in more than one generation become recruited. Both affected and unaffected members undergo genetic analysis. Chromosomal regions that are distributed equally between affected and unaffected members are not likely to be the causative genes. After defining the chromosomal region, the mapped gene with that region gets clarified. Phenocopy, which is an individual who is not genetically vulnerable but probably under the effect of environmental factors show the disease phenotype, along with penetration, which is the ratio of positive genotypes, who show the phenotype of the disease and genetic heterogeneity especially locus heterogeneity, same phenotype as a result of different causative loci mutation, are important genetic phenomena that influence the linkage analysis and limit the consequent result.\[[@ref36][@ref37][@ref38][@ref39]\]

Several studies, especially in recent years have isolated the causative loci using this strategy.\[[@ref36][@ref37][@ref38][@ref40][@ref41]\] In a study that was conducted in Australia, no chromosomal linkage but two loci were found (1p36.23--36.21 and 8q13.1--q21.11).\[[@ref42]\] In a study on Ecuadorian society, researchers found a mutation at 13q32.\[[@ref43]\] This locus is very proximal to the gene coding for collagen type IV, α1 and collagen type IV, α2. This neighborhood brought up the hypothesis of a possible mutation in these genes. The investigation, which put this hypothesis into practice, found no new mutations.\[[@ref43]\] Further studies in other nations found other causative regions. And chromosomal regions like 3p14-q13, 5q14-q21, 15q22-q24, 16q22-q23 and 9q34 were represented in different studies.\[[@ref36][@ref38][@ref40][@ref41][@ref44][@ref45]\]

However, other scientists could replicate none of these regions and their exact role in the different ethnical group remains blurred. In a study by Saee-Rad *et al*.,\[[@ref8]\] six previously described loci (2p, 3p, 5q, 15q, 16q, and 20q) underwent haplotype analysis and no linkage was associated with KC in the recruited families.

Like other complex diseases, gene-gene interaction is another defining genetic event that should be considered. How different genes under the effect of environmental factors interact with each other to form the subsequent phenotype has only barely been investigated. Burdon *et al*.\[[@ref42]\] also found in their study that single locus analysis resulted in less LOD score (logarithm (base 10) of odds) than analyzing two regions concurrently and this finding bolds these important interactions.

These complexities in interpreting gene analyses have restricted defining new loci and were partly responsible for the unproductive investigation in finding blameworthy gene(s)

Of these very few genes, VSX1 is especially popular. First described in 2002,\[[@ref46]\] VSX1 is a homeobox gene that binds to the control region of red/green visual pigment gene cluster and is likely to regulate the expression of cone opsin. Different mutations of this gene were identified in some with anomalous development of endothelium along with a few families with KC and posterior corneal dystrophy.\[[@ref46][@ref47][@ref48][@ref49]\] In a study by Bisceglia *et al*.\[[@ref50]\] on 80 keratoconic eyes, VSX1 was concluded to be an important gene in autosomal dominant KC and four different defining mutations were found.

Other studies reported other mutations and proposed their likely pathological effect.\[[@ref51][@ref52][@ref53]\] Complete code region of VSX1 underwent analyze, and two non-synonymous mutations (H244R and R166W) were established. H244R was only found in affected people, and healthy individuals did not carry this mutation.\[[@ref8]\] Another researcher has already suggested a pathological role for this mutation.\[[@ref54]\] On the other hand, there are cumulating amount of data that brings the role of VSX1 gene and its mutations into question.\[[@ref55][@ref56]\] and in a recent study by Stabuc-Silih *et al*.\[[@ref57]\] on 113 Slovenian patients, no disease causing mutation was found.

Another candidate gene that was appealing for researchers in the pathogenesis of KC is the SOD1 on chromosome 21.\[[@ref58]\] Fewer studies than VSX1 have investigated this gene in keratoconic eyes. After complete sequencing of all five exons of the gene, Udar *et al*. found a unique genomic deletion within intron 2 close to the 5' splice junction of the SOD1 in three patients with KC\[[@ref58]\] a mutation that was not observed in normal individuals. This finding was not confirmed in other studies.\[[@ref45][@ref57]\] Other genes, especially those of collagen, the major protein of the cornea drew the attention of some scientists.\[[@ref39]\]

Cornea, a Good Candidate for Gene Therapy Past and Future {#sec1-8}
=========================================================

Corneal gene therapy as a powerful method that can modify the ultrastructure of the cell protein is potentially helpful in many of hereditary and acquired corneal abnormalities.

In 1994, Mashhour *et al*. transferred successfully gene to the cornea with the application of adenovirus as a vector.\[[@ref59]\] Since then, new aspects were recognized for this apparatus. Transferring cytokines, growth factors and enzymes to the cornea in a sustained concentration that is hardly if at all achievable with systemic administration along with knock down of defective genes and inducing the functional genes are only part of the presumed advantages.\[[@ref60][@ref61]\]

In preclinical studies, outstanding results for this method have been obtained. Researchers found promising results in the prevention and treatment of major corneal issues like herpetic stromal keratitis (HSK), corneal graft rejection, neovascularization and haze.\[[@ref61][@ref62][@ref63][@ref64][@ref65][@ref66]\] This method has also been postulated for other corneal abnormality like KC\[[@ref67]\] and corneal dystrophies.\[[@ref68][@ref69]\]

There are lots of intrinsic characters that make the cornea an ideal candidate for gene therapy. One of these important characters is the exceptional policy of the immune system towards this tissue in comparison to others, the so-called immune privilege.

Excessive inflammation that is considered to be a very useful strategy against microorganism and is one of the routine immune response to combat the offending enemy is extremely harmful to cornea. This inflammation easily causes opacities in the cornea that affects the vision significantly.

The margination of the inflammatory cells is restricted by a blood ocular barrier. Even after entrance the activity of these cells becomes suspiciously inhibited. Endothelial cells express molecules that inhibit complement activation and subsequently the opsonization and destructive effect of the complement cascade. Presenting the antigens to immune cells is also modified in this tissue and corneal cells express comparatively lower histocompatibility complex of both classes (I and II). Lymphatic drainage as a pathway to present the antigens to dendritic cells in lymph nodes are lacking as well and fas ligands that are presented on the surface of the corneal cells induce apoptosis in activated T cells And for reasons that are poorly understood, presenting B cells do not secrete complement fixating immunoglobulins M and immunoglobulins G2.\[[@ref70][@ref71]\]

These features give a unique property to the cornea for accommodating the gene vectors without consequent immunogenicity and thus will guarantees longer gene expression.

Other properties like the stability *ex vivo* are particularly of significant importance.\[[@ref64][@ref72]\] This feature makes the successful manipulation for gene therapy out of the body possible.

Easily accessible\[[@ref64][@ref72][@ref73][@ref74]\] and anesthetized\[[@ref75]\] along with transparency,\[[@ref64][@ref65][@ref72]\] which makes direct observation of the procedure progress effortless, are other technical facilities that this tissue offers to ophthalmologists.

Technique {#sec1-9}
=========

Basics of the techniques are the same as gene therapy in other tissues. Gene that its downstream products are desirable is transferred to an appropriate vector. The vector is then injected into the tissue in a particular way to obtain and enter the target cell and with the application of the protein synthesis machinery of the cell, gene translation starts.

An optimal vector must suit for the purpose of the gene therapy and a property that is essential for one vector might be useless and even harmful for another. However as a rule, the less immunogenic be a vector, the better. Besides, vectors that can carry larger sequence are often preferred under equal condition, and the ability to express both in proliferative and non-proliferative cells is another functional feature.

At the present time, there are viral and non-viral vectors. Adenovirus, Herpes simplex virus, Lentiviruses, Retroviruses and Adeno-associated virus is among the most popular viral vectors\[[@ref76][@ref77][@ref78][@ref79][@ref80][@ref81]\] and Naked DNA, Cationic liposomes, Minimalistic immunologically defined gene expression vectors as well as Polyethylenimines and Polyamidoamine dendrimers are among the non-viral biologic methods.\[[@ref81][@ref82][@ref83]\]

Physical methods have also moved forward and progressed in recent years. Electroporation, Sonoporation and Gene gun have been utilized with real success.\[[@ref84][@ref85][@ref86][@ref87][@ref88]\]

Details of vectors and physical methods are beyond the scope of this paper.

Conclusion {#sec1-10}
==========

Excessive body of documents indicates the role of genes in the pathogenesis of KC and further investigations are to complete this complex puzzle. As discussed above, despite a very comprehensive genetic analysis, no single gene was discovered as the disease causing gene. And to the time of finding the gene (s), despite progress in gene delivery and control of the microenvironment of the cornea, the application of gene therapy in the treatment of the KC remains in future prospect.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
